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PHOTOSYNTHETIC RESPONSE OF CHRYSANTHEMUM UNDER

DIFFERENT WATER REGIMES

Slovak University of Agriculture in Nitra, Slovak Republic

Potted chrysanthemums were subjected to drought and water stress treatments. The experiment included four
treatments with different level of the substrate saturation. The net photosynthesis rate, stomatal conductance,
transpiration rate and intracellular CO, were measured by the infrared gas analysis method. The study confirmed the
trend of decreasing physiological parameters (P,, g, E, Ci) with reduced water availability in the substrate. The reduced
water availability significantly reduced stomatal conductance, transpiration, intracellular CO, concentration and,
subsequently, photosynthesis. Continuous flooding significantly reduced photosynthesis and non-significantly
increased transpiration and intracellular CO, concentration. The possible acclimatization of the plants to subsequent
water deficit conditions was studied, too. Following the drying cycle, efficient and fast recovery of chrysanthemum

plants was observed.
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1 Introduction

In commercial nursery production systems, frequent
and severe drought stress of container-grown plants
can reduce crop quality, delay marketing, and,
consequently, profitability. Chrysanthemum is one
of the leading ornamental flowers worldwide, and
its production faces a variety of challenges under
environmental stress conditions (Chen et al., 2012).
Drought stressis one of the most harmful types of stress,
because it retards chrysanthemum growth. Hence, it is
essential to improve the tolerance of chrysanthemum
to this type of stress in order to achieve sustainable
production (Satapathy et al., 2014).

Many papers are focused on the response of the plant
to a single period of drought stress. These treatments
are aimed either at dwarfing plants (Roeber et al.,
1995), or describe a specific response of the leaf
tissue to a period of wilting (Wang and Clarke, 1993).
Water deficits occur when transpiration exceeds
water uptake. Plants conserve water by reducing their
transpiration rates by such mechanisms as modifying
stomatal behaviour or in the long-term by reducing
leaf area (Blum, 1996). The plants tolerant to drought
stress show different adaptation mechanisms to
overcome drought stress, including morphological,

ornamental plants, photosynthesis, P, transpiration, water stress

physiological, and biochemical modifications. These
responses include increasing root to shoot ratio, growth
reduction, changes of the leaf anatomy, reduction of
leaf size and the total leaf area to limit water loss and
guarantee photosynthesis (Toscano et al., 2019).

Techniques for measuring plant water status and
inducing water stress in plants are well established.
However, due to the dynamic nature of water deficits
remains extremely difficult. These difficulties are
enhanced when a water deficit occurs rapidly, for
example when there is a limited supply of water
in small pots combined with high evaporation by
a flowering plant. Under such conditions, stomata may
close due to low water availability in the soil - and yet
leaf water potential (‘¥,) may remain high (Davies and
Zhang, 1991). According to Long and Bernacchi (2003)
the infrared gas analysis (IRGA) is the only current
method of widespread importance for measuring
photosynthesis. These portable systems provide
real-time measurement of CO, uptake, transpiration,
stomatal conductance and map intercellular CO, mole
fraction. The aim of the study was to determine the
influence of different water irrigations to physiological
parameters of chrysanthemum plants by the infrared
gas analysis method. The supposed contribution was
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to optimize production conditions related to irrigation
of chrysanthemum plants.

2 Material and methods

Potted chrysanthemum plants Dendranthema
indicum (L.) Desmoulins ‘Surf” were grown in peat:
perlite (Pindstrup substrate number 2, Mosebrug A/S)
with one cutting per 10.5 cm potin a growth chamber
with constant conditions (temperature 20 °C, 60%
relative humidity, 14 h light/10 h dark photoperiod,
PPFD 500 umol/m?/s). The experiment started 25 days
after the collection of cuttings from mother plants
and lasted for a month. The experiment included four
treatments with different availability of water. Water
loss (evapotranspiration) was recorded on a daily basis
with an electronic scale, for each pot individually. The
control plants were irrigated individually everyday
in the morning according to the weight loss since
last irrigation, in order to obtain pot water holding
capacity. Based on daily water consumption, control
plants (variant K) were top-watered daily with amount
of water (nutrient solution containing N at 286, P at
30, K at 359, Ca at 139, Mg at 21 and SO, at 42 ppm,
EC 2.46, pH 5.8) equal to 100% of evapotranspiration.
Other treatments included three different levels of
water availability: continuous water deficit (variant A),
cyclic water deficit (variant B) and continuous flooding
(variant C). Continuous water deficit plants were given
an amount of nutrient solution equal to 40% of the
mean daily water consumption of control plants. The
cyclic water deficit treatment was a repeating nonlethal
cyclic water deficit treatment, where watering was
withheld for 1 day - 24 h (variant B2) and recovery
phases where the plants received the same amount of
water and nutrient solution as control plants (variant
B1). The experiment included 15 cycles of water deficit
treatments in total. Continuous flooding (variant C)
simulated overwatering plants. The pot trays were
kept with permanent irrigation up to 3 cm of height
minimally. Every day the trays were cleaned and
irrigated with new nutrient solution to protect plants
against fungal pathogens. There were 8 plants in each
treatment.

The net photosynthesis rate (P ), stomatal conductance
(g), transpiration rate (E) and intracellular CO,
concentration (Ci) were measured every day on single
leaves of each plant with a differential CO,/H,0 infrared
gas analyzer CIRAS-1 (PP-Systems, Hitchin, UK). Gas
exchange measurements of leaves were made on the
most recently fully expanded leaf at photosynthetic
photon flux density 500 umol/ m*/s, leaf temperature

at 25 °C, vapour pressure deficit (VPD) at 15mbar and
ambient CO, concentration of 400 ppm. Once the leaf
was placed in the cuvette, the plant was left a further
20 min to stabilize before any measurements were
recorded and each data points represented the mean
of 3-5 min at steady-state. The statistical analyses were
done using the SigmaStat software. ANOVA (Kruskal-
Wallis one way analysis of variance on ranks) and
pairwise multiple comparison procedures (Tukey test)
were tested for significance at p <0.05.

3 Results and discussion

ANOVA analyses confirmed significant differences
between P, of control plants compared to the
plants grown with 40% water availability. Reduced
irrigation induced 59.35% lower net photosynthesis
rate compared to the control irrigation. A significant
difference was also confirmed between P, of control
plants compared to the plants with cyclical watering.
The photosynthesis of plants with cyclical watering in
days without watering decreased - by 49.85% and on
days after re-watering P, decreased - by 19% compared
to the control plants. There were confirmed significant
differences of P, for plants within cyclical watering
treatment. Plants after re-watering reached by 37.9%
higher P, compared to the days without watering.

Non-significant differences were observed between
P, of cyclically watered plants during the days without
wateringand plants with 40% reduced wateravailability.
Cyclically watered plants during days without watering
reached about 18.5% higher values of P, compared
to the plants with 40% reduced water availability.
There were found significant differences in P, of the
control plants and plants with continuous supply of
water. Flooding irrigation caused 10.5% decrease of P,
compared to the controls. Non-significant differences
were determined between P, of plants with continuous
supply of water and cyclically watered plants in days
after re-watering. P, of plants with continuous supply
of water was 10.4% higher compared to the plants
with cyclical watering. However, highly significant
differences were confirmed between P, of plants
with continuous supply of water and plants with 40%
water availability and also between P, of plants with
continuous supply and cyclically watered plants after
non-watering. Dehydrated plants with 40% water
availability showed 54.6% decrease of P, compared
to the plants with continuous supply of water and
cyclically watered plants after non-watering showed
44.2% decrease of P, compared to the plants with
continuous supply of water. Table 1 shows the changes
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of P_in the course of drought, cyclical watering and
flooding during the experiment.

Effects of water stress on photosynthetic decrease
of ornamental plants have been well-documented
in many reports: Gazania rigens (Gao et al. (2016),
garden roses (Niu and Rodriguez, 2009), ornamental
shrubs Photinia x fraseri and Eugenia uniflora
(Toscano et al.,, 2016), Callistemon laevis (Alvarez et
al., 2011). The debate as to whether drought mainly
limits photosynthesis through stomatal closure or
through metabolic impairment has been running
since the earliest reports on the effects of drought on
photosynthesis (Flexas and Medrano, 2002). During
the last decade, stomatal closure was generally
accepted to be the main determinant for decreased
photosynthesis under mild to moderate drought
(Ort et al., 1994). Comparing results from different
authors is complex due to interspecific differences
in the response of stomatal conductance and
photosynthesis to leaf water potential and/or relative
water content, the parameters most often used to
assess the degree of drought (Medrano et al., 2002).
It is clear that stomata close progressively as drought
progresses, followed by parallel decreases of net
photosynthesis.

Plants would be more vulnerable to water stress after
rewatering or a cycled water environmental change,
which occur more frequently under climatic change
conditions in terms of the prediction scenarios. Plant
growth, photosynthesis and stomatal aperture may be
limited under water deficit, which would be regulated
by physical and chemical signals. Under rewatering, the
recovery of plant growth and photosynthesis would
appear immediately through growing new plant parts,
re-opening stomata, and decreasing peroxidation; the
recovery extents (reversely: pre-drought limitation)
due to rewatering strongly depend on pre-drought
intensity, duration and species. Understanding how
plants respond to episodic drought and watering pulse
and the underlying mechanism, it is remarkably helpful
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toimplement vegetation management practices under
the conditions of climate change (Xu et al., 2010).

The results of ANOVA confirmed high significant
difference in stomatal conductance between control
and stressed plants with 40% water availability and
also between control and both variants of cyclically
stressed plants. Stomatal conductance of stressed
plants with different watering regimes decreased from
75.6% to 28% (Table 1). Non-significant difference was
observed between g, of overwatered plants compared
to the controls and also between g, of cyclically watered
plants after non-watering compared to the plants with
40% water availability.

As reported in several studies, water stress decrease of
stomatal conductance was observed in Olea europaea
(Chartzoulakis et al, 1999), Morus alba (Ramanjulu
et al,, 1998), and pot roses (Riseman et al., 2001). In
many species, reduction in stomatal conductance
with increased water stress may limit diffusion of CO,
to chloroplasts and, consequently, net photosynthetic
rate (Lawlor, 2002). Stomatal regulation plays a key role
in gas exchange between vegetation and atmosphere
interface. Ninety percent loss of plants is from
transpiration thought stomatal opening (Wang et al.,
2009). On the other hand, stomatal limitation would
be recognized as a major factor for photosynthetic
reduction when available water become scant, while
non-stomatal limitation such as decreases in Rubisco
activity, CO, availability in the chloroplast and PSII
photochemistry efficiency is progressive gradual with
water stress intensity and persistence duration (Xu et
al., 2009).

Williams et al. (2000) studied the effect of reducing
production water availability during cultivation on
the post-production quality of potted miniature
roses (Rosa x hybrida). Plants grown with cyclical
water availability tolerated subsequent water stress
better than plants produced with a constant supply
of water, irrespective of whether the constant supply
of water was adequate or not. Another study with

Table 1 Physiological characteristics of chrysanthemum with different water treatment

% Gamol/m’s)
Variant K 14.06 £0.25a 3.058 +0.118a 288.4 +10.4a 266.1 +3.86a
Variant A 5.72+0.41b 0.967 £0.101b 70.3+9.7b 203.3 £7.69b
Variant B1 11.28 £0.53¢ 2.641 +£0.141a 207.6 £12.8c 252.1 £8.22a
Variant B2 7.01 £0.64b 1.155 +£0.257b 86.3 £21.5b 200.2 +13.04b
Variant C 12.59 +£0.32ac 3.095 +£0.089a 2779+7.1a 267.8 +4.54a

P, — photosynthesis, E — transpiration, g, — stomatal conductance, Ci - intracellular CO, concentration, K - control, A - plants with 40%
water availability of control, B - cyclic water deficit (B1 — days after re-watering, B2 — days without watering), C — continuous flooding.
The same letter within each column indicates no significant difference among treatments (P < 0.05) according to the Tukey s test
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roses (Riseman et al, 2001) also confirmed that
reduced water availability during the production of
potted miniature roses improves water use efficiency,
tolerance to subsequent drought stress and improves
post-production performance. The two rose cultivars
used different mechanisms to respond to drought.
Apollo utilized osmotic adjustment while Charming
modified stomatal closure.

In our study, reduced water availability also
significantly influenced transpiration rate. Control
plants transpired at a higher rate (+64.8%) compared
to the plants with 40% water availability and at
a higher rate (+62.2%) compared to the cyclically
watered plants during the days without watering
(Table 1). It has been reported in pot roses (Williams
et al., 2000) that the cyclically-grown plants were
able to restore transpiration and net photosynthesis
during times of recovery similar to, but not equal to
the control plants. The difference in transpiration was
not significant between control and cyclically watered
plants after rewatering; control plants reached higher
transpiration rate (+13.6%) compared to the cyclically
watered plants after rewatering. Flooding had no
significant influence on E as well; overwatered plants
reached by 1.2% higher transpiration rate than the
controls (Table 1).

In order to estimate the tolerance to drought stress in
plants, the transpiration ratio is essential. In fact, it has
been observed that species that can retain a greater
quantity of water and therefore lose less water through
the stomata are more tolerant to drought (Riaz et al.,
2013). As reported by Galmés et al. (2007), shrubs have
a better ability to regulate transpiration compared
to herbaceous plants. Soil drought stress decreases
the leaf water potential, which reduces the swelling
pressure and subsequently, stomatal closure. Plants
experience water stress when the rate of transpiration
becomes very high or when the water supply to roots
become difficult (Reddy et al.,, 2004). Wang et al. (2006)
observed a strong correlation of stomatal conductance
with transpiration compared to net photosynthesis.
This could be due to the soil moisture stress-induced
abscisic acid (ABA) which is stimulated by soil drying
through the transpiration stream resulting in stomatal
closure.

Wang et al. (2006) detected that when soil water
content dropped below 47% of field water capacity,
the leaf water potential decreased rapidly, indicating
a significant threshold reaction of soybean leaves
about -1.02 MPa. Below this, the leaf water potential
and net photosynthesis ratio dropped rapidly. When
the soil water content was 47%, the leaf water potential

and net photosynthesis ratio were nearly as high as
those in CK, but the transpiration ratio was by 67%
lower, indicating that transpiration was more sensitive
to drought than photosynthesis. After rewatering,
the water status of soybean leaves improved, the net
photosynthesis ratio and transpiration ratio increased
linearly, and leaf stomatal conductance also recovered
quickly.

Reduced water availability induced significant decrease
in intracellular CO, concentration (Ci) of plants with
40% water availability (-23.6%) compared to the control
and cyclically watered plants during the days without
irrigation (-24.8%) compared to the control. Within
cyclical treatment, after periodic alternation of water
deficit and re-watering Ci decreased and increased
repeatedly. Re-watering of plants significantly
increased Ci (+20.6%) compared to the non-watering.
Both treatments, re-watering of cyclically watered plant
and flooding, non-significantly influenced Ci compared
to the control. Re-watering decreased Ci (-5.3%) and
overwatering increased Ci (+0.6%) compared to the
control (Table 1).

The influence of Ci on stomatal conductance was
already reported (Cornic, 2000). In a study conducted
by Toscano et al. (2018) on shrubs Lantana and
Ligustrum, the analysis of leaf anatomical traits allowed
the identification of the different strategies used
during water stress conditions. During severe deficit of
irrigation, Lantana plantsincreased spongy tissue rather
than the palisade tissue; this anatomical modification
facilitated the diffusion of CO, towards the fixation
sites in order to increase the concentration gradient
between internal air space and the atmosphere, thus
enhancing the competition among cells for CO, and
light (Fraser et al., 2009).

Chen et al. (2018) investigated that net photosynthetic
rate, stomatal conductance, water use efficiency and
transpiration rate in the non-grafted chrysanthemums
were significantly decreased. Moreover, the intercellular
CO, concentrations were significantly increased
compared to the grafted plants at 5 and 6 d following
drought stress. Non-grafted chrysanthemums were
less able to resist dehydration, and repressed the
genes encoding the expression of photosynthetic
components. Using Artemisia annua grafts could
alleviate drought stress in chrysanthemums by
improving gas exchange capacity and maintaining
CmrbcL, CmrbcS, Cmcab and CmpsaB gene expression,
thereby increasing Rubisco activity and improving
photosynthetic performance.
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4 Conclusion

The study described sensitivity of physiological
parameters to different water availability treatments.
Reduced water availability significantly reduced
stomatal conductance, transpiration, intracellular CO,
concentration and, subsequently, photosynthesis.
Continuous flooding significantly reduced
photosynthesis and non-significantly increased
transpiration and intracellular CO, concentration.
The study confirmed resistance of chrysanthemum
plants to cyclical water deficit. Following the drying
cycle, efficient and fast recovery of the plants was
observed. Monitored reduced water availability during
the production of potted chrysanthemum plants
can improve tolerance to subsequent drought stress
and post-production performance. This result can
be practically applied for indoor plant maintenance.
Chrysanthemum plants can be better adapted to the
water stress, when they are not irrigated regularly with
less amount of water. The modulating irrigation with
absence of watering for short periods can enhance
their adaptability to drought.

Acknowledgements

This paper was created within the project KEGA
Development and implementation of the standards
for urban greenery management. Project registration
number 003SPU-4/2017.

References

ALVAREZ, S. - NAVARRO, A. - NICOLAS, E. - SANCHEZ-
BLANCO, M.J. 2011. Transpiration, photosynthetic
responses, tissue water relations and dry mass partitioning
in Callistemon plants during drought conditions. In
Scientia Horticulturae, 2011, no. 129, pp. 306-312. DOI:
10.1016/j.scienta.2011.03.031

BLUM, A. 1996. Crop responses to drought and the
interpretation of adaptation. In Plant Growth Regulation,
1996, no. 20, pp. 135-148. DOI: 10.1007/BF00024010

CHARTZOULAKIS, K. = PATAKAS, A. - BOSABALIDIS, A.M.
1999. Changes in water relations, photosynthesis and leaf
anatomy induced by intermittent drought in two olive
cultivars. In Environmental and Experimental Botany,
1999, no. 42, pp. 113-120.

CHEN, L.— CHEN, Y. - YANG, J. - CHEN, S. - CHEN, F. - GUAN,
Z. 2012. The constitutive expression of Chrysanthemum
dichrum ICE1 in Chrysanthemum grandiflorum improves
the level of low temperature, salinity and drought
tolerance. In Plant Cell Reports, 2012, no. 31, pp. 1747-
1758.DOI: 10.1007/500299-012-1288-y

IN URBAN AREAS AND LANDSCAPE

CHEN, Y. — SUN, X. — ZHENG, CH. - ZHANG, S. - YANG, J.
2018. Grafting onto Artemisia annua improves drought
tolerancein Chrysanthemum by enhancing photosynthetic
capacity. In Horticultural Plant Journal, vol. 4, 2018, no. 3,
pp. 117-125.DOI: 10.1016/j.hp;j.2018.03.008

CORNIC, G. 2000. Drought stress inhibits photosynthesis
by decreasing stomatal aperture — not by affecting ATP
synthesis. In Trends in Plant Science, 2000, no. 5, pp. 187-
188.DOI: 10.1016/51360-1385(00)01625-3

DAVIES, W.J. = ZHANG, J. 1991. Root signals and the
regulation of growth and development in drying soil. In
Annual Review of Plant Physiology and Plant Molecular
Biology, 1991, no. 42, pp. 55-76. DOI: 10.1146/annurev.
pp.42.060191.000415

FLEXAS, J. - MEDRANO, H. 2002. Drought — inhibition of
photosynthesis in C3 plants: stomatal and non-stomatal
limitations revisited. In Annals of Botany, 2002, no. 89, pp.
183-189. DOI: 10.1093/aob/mcf027

FRASER,L.H.—GREENALL,A.—CARLYLE,C.-TURKINGTON,
R. — ROSS FRIEDMAN, C. 2009. Adaptive phenotypic
plasticity of Pseudoroegneria spicata: Response of stomatal
density, leaf area and biomass to changes in water supply
and increased temperature. In Ann. Bot., 2009, no. 103, pp.
769-775.DOI: 10.1093/aocb/mcn252

GALMES, J. - MEDRANO, H. - FLEXAS, J. 2007.
Photosynthesis and photoinhibition in response to
drought in a pubescent (var. minor) and a glabrous (var.
palaui) variety of Digitalis minor.n Environ. Exp. Bot., 2007,
no.60, pp. 105-111.DOI:10.1016/j.envexpbot.2006.08.001

GAO, T.T. - ZHENG, S.W. - ZHOU, X.H. - WANG, D.X. - LU,
X.P. 2016. Photosynthetic Physiological Characteristics of
Gazaniarigens L. Under Drought Stress. In IOP Conf. Series:
Earth and Environmental Science, 2016, no. 41, pp. 1-8.
DOI: 10.1088/1755-1315/41/1/012027

LAWLOR, D.W. 2002. Limitation to Photosynthesis in
Water-stressed Leaves: Stomata vs. Metabolism and the
Role of ATP. In Annals of Botany, 2002, no. 89, pp. 871-885.
DOI: 10.1093/a0b/mcf110

LONG, S.P. - BERNACCHI, C.J. 2003. Gas exchange
measurements, what can they tell us about the underlying
limitations to photosynthesis? Procedures and sources of
error. In Journal of Experimental Botany, 2003, no. 392, pp.
2393-2401. DOI: 10.1093/jxb/erg262

ORT, D.R.— OXBOROUGH, K. - WISE, R.R. 1994. Depression
of photosynthesiss in crops with water defficits. In
BAKER, N.R. (ED.) — BOWYER, J.R. Photoinhibition of
photosynthesis: from molecular mechanisms to the field.
Oxford : BIOS Scientific Publishers, 1994, pp. 315-329.
RAMANJULU, S. — SREENIVASULU, N. - SUDHAKAR, C.
1998. Effect of water stress on photosynthesis in two
mulberry genotypes with different drought tolerance.
In Photosyntetica, vol. 35, 1998, no. 2, pp. 279-283. DOI:
10.1023/A:10069793

REDDY, A.R. — CHAITANYA, KV. - VIVEKANANDAN,
M. 2004. A review: drought induced responses of

Gogolédkova, A. - Paganova, V. | Photosynthetic Response of Chrysanthemum under Different Water Regimes

PLANTS IN URBAN AREAS AND LANDsCAPE | 2020 | pp. 104-109




PLANTS

IN URBAN AREAS AND LANDSCAPE

photosynthesis and antioxidant metabolism in higher
plants. In Jornal of Plant Physiology, 2004, no. 161, pp.
1189-1202. DOI: 10.1016/j.jplph.2004.01.013

RIAZ, A. = YOUNIS, A. - TAJ, AR. - KARIM, A. - TARIQ,
U. - MUNIR, S. — RIAZ, S. 2013. Effect of drought stress on
growth and flowering of marigold (Tagetes erecta L.). In
Pak. J. Bot., 2013, no. 45, pp. 123-131.

RISEMAN, A. - JENSEN, CH. - WILLIAMS, M.2001. Stomatal
conductivity and osmotic adjustment during acclimation
to multiple cycles of drought stress in potted miniature
rose (Rosa x hybrida). In Journal of Horticultural Science
& Biotechnology, vol. 76, 2001, no. 2, pp. 138-144. DOI:
10.1080/14620316.2001.11511340

ROEBER, R. - KOLB, D. = OHMAYER, G. 1995. Influence
of Drought Stress, DIF and Growth retardant on Yield
and Quality of Dendranthema x grandiflorum. In Acta
Horticulturae, 1995, no. 378, pp. 139-148.

SATAPATHY, L. — SINGH, D. — RANJAN, P. - KUMAR, D. -
KUMAR, M. - PRABHU, K.V. 2014. Transcriptome-wide
analysis of WRKY transcription factors in wheat and their
leaf rust responsive expression profiling. In Molecular
Genetics Genomics, 2014, no. 289, pp. 1289-1306. DOI:
10.1007/500438-014-0890-9

TOSCANGO, S. — FARIERI, E. - FERRANTE, A. - ROMANO,
D. 2016. Physiological and Biochemical Response in Two
Ornamental shrubs to Drought Stress. In Front. Plant Sci.,
vol. 7, 2016, article 645. DOI: 10.3389/fpls.2016.00645
TOSCANO, S. - FERRANTE, A. - ROMANO, D. 2019.
Response of Mediterranean Ornamental Plants to Drought
Stress. In Horticulturae, vol. 5, 2019, no. 6. DOI: 10.3390/
horticulturae5010006

WANG, H. - CLARKE, J. M. 1993. Relationship of excised-
leaf water loss and stomatal frequency in wheat. In
Canadian Journal of Plant Science, 1993, no. 73, pp. 93-99.
DOI: 10.4141/cjps93-012.

WANG. L. = GRIFFITHS, R. = YING, J. - MCCOURT, P. -
HUANG, Y. 2009. Development of drought-tolerant
(Brassica napus L.) through genetic modulation of ABA-
mediated stomatal responses. In Crop Sci., 2009, no. 49,
pp. 1539-1554.

WANG. L. - ZHANG, T. - DING, S. 2006. Effect of drought
and rewatering on photosynthetic physioecological
characteristics of soybean. In Acta Ecologica
Sinica, 2006, no. 26, pp. 2073-2078. DOI: 10.1016/
$1872-2032(06)60033-4

WILLIAMS, M. H. - ROSENQVIST, E. - BUCHHAVE, M. 2000.
The effect of reducing production water availability on the
post-production quality of potted miniature roses (Rosa x
hybrida). In Postharvest Biology and Technology, 2000, no.
8, pp. 143-150. DOI: 10.1016/50925-5214(99)00076-9

XU, Z. - ZHOU, G. — SHIMIZU, H. 2009. Are plant growth
and photosynthesis limited by pre-drought following
rewatering in grass? In J. Exp. Bot., vol. 60, 2009, no. 13, pp.
3737-3749.DOI: 10.1093/jxb/erp216

XU, Z. - ZHOU, G. - SHIMIZU, H. 2010. Plant responses
to drought and rewatering. In Plant Signal Behav., vol. 5,
2010, no. 6, pp. 649-654. DOI: 10.4161/psb.5.6.11398.

| CONTENTS _

Gogolakova, A. - Paganova, V. | Photosynthetic Response of Chrysanthemum under Different Water Regimes

PLANTS IN URBAN AREAS AND LANDsCAPE | 2020 | pp. 104-109




